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INFORMATION RECORDING AND REPRODUCING 
APPARATUS WITH A RING BUFFER AND METHOD FOR 
MONITORING RING BUFFER 
BACKGROUND OF THE TNVF.NTTON 

2^ Field of the Invention 

The invention relates to an apparatus for recording 
and reproducing information with a ring buffer for 
recording and reproducing image signals by using its area 
circularly. 

2^ Description of Related Art 

In recent years, hard disk recorders are attracting a 
great attention as a recording device in which a program 
provided by television broadcast or the like is recorded 
onto a hard disk instead of a video tape. When a hard disk 
is used as a recording medium, the following function, for 
example, can be realized. That is, while the program which 
is broadcasted is being recorded, the recorded program can 
be simultaneously reproduced (hereinafter, referred to as a 
time shift reproduction) . A ring buffer area is provided ir 
the hard disk in order to realize the time shift 
reproduction. 

Fig. 1 is a diagram for explaining the recording and 
reproducing operations in the ring buffer area when 
performing the time shift reproduction. 

In Fig. 1, a write position WP indicates a present 
recording position in the ring buffer area and a read 
position RP indicates a present reproducing position in the 
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ring buffer area. These positions WP and RP gradually move 
independently from a head position to a last position of 
the ring buffer area, as shown by blank arrows in Fig. 1, 
respectively. When each of the positions WP and RP reaches 
the last position, the position returns to the head 
position and again gradually moves toward the last position. 

The speed at which each of the positions WP and RP moves 
depends on the bit rate of a video signal of a broadcast 
program selected as a recording or reproduction target. In 
this case, the broadcast program selected as a reproduction 
target is not limited to the television broadcast but can 
be a radio broadcast program having audio sounds only. 

In the ring buffer area, the continuous recording and 
reproducing operations in a range from the head to the last 
of the area are executed respectively and independently. 
Furthermore, these operations are executed circularly in 
the area. By the operations described above, the time shift 
reproduction is executed in which the recorded broadcast 
program is reproduced from the position shown by RP while 
the broadcast program provided by the TV broadcast is being 
recorded to the position in the ring buffer area denoted as 
WP. 

In the digital broadcast channel, broadcast programs 
of different bit rates such as HDTV (High Definition 
Television) broadcast programs of high picture quality and 
SDTV (Standard Definition Television) broadcast programs of 
a standard picture quality exist mixedly. Therefore, while 
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the HDTV broadcast program of the high bit rate is being 
recorded, if the SDTV broadcast program of the low bit rate 
is reproduced in a state where the write position WP and 
the read position RP are close to each other as shown in 
Fig. 1, a state where the WP outruns the RP occurs. If the 
write position WP outruns the read position RP, then 
contents of the SDTV broadcast program which have not been 
reproduced yet will be halfway overwritten by the contents 
of the HDTV broadcast program. 

In the time shift reproduction, however, the user 
cannot previously know the occurrence of the outrunning 
state as mentioned above. 
OBJECTS AND .qOM MARY OF THE TNVF.KfTTnM 

The invention has been made to solve the above problem, 
and it is an object of the invention to provide an 
information recording and reproducing apparatus with a ring 
buffer which is designed that user can know the state of 
the ring buffer in real-time and a method of monitoring the 
ring buffer. 

According to the invention, there is provided an 
information recording and reproducing apparatus with a ring 
buffer for reading and reproducing an image signal recorded 
in the ring buffer while writing an image signal supplied 
as time elapses into the ring buffer, comprising: recording 
and reproducing position information obtaining means for 
obtaining information indicative of each of a recording 
position and a reproducing position at the present time 
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point in the ring buffer; and ring buffer monitor image 
signal generating means for generating a ring buffer 
monitor image signal indicative of an image showing a 
relative positional relation of each of the recording 
position and the reproducing position in the ring buffer. 

According to the invention, there is provided a method 
of monitoring a ring buffer for use in an information 
recording and reproducing apparatus with the ring buffer 
for reading and reproducing an image signal recorded in the 
ring buffer while writing an image signal supplied as time 
elapses into the ring buffer, comprising: a ring buffer 
monitor image signal generating step of generating a ring 
buffer monitor image signal indicative of an image showing 
a relative positional relation of each of a recording 
position and a reproducing position at a present time point 
in the ring buffer; an image synthesizing step of obtaining 
a synthesized image signal by synthesizing the image signal 
reproduced from the ring buffer and the ring buffer monitor 
image signal; and a display step of displaying images based 
on the synthesized image signal. 
BRIEF DF.SCRTPTTO N OF THF. DRAWTN^.q 

Fig. 1 is a diagram for explaining the recording and 
reproducing operations in a ring buffer area in the case of 
the time shift reproduction; 

Fig. 2 is a diagram showing an internal construction 
of an information recording and reproducing apparatus 100 
according to the invention; 
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Fig. 3 is a diagram showing a sector/ring area 
correspondence map; 

Fig. 4 is a diagram showing an example of program 
information and recording start position information which 
are stored into a recording program information memory 20; 

Figs. 5A to 5C are diagrams showing an example of a 
ring buffer monitor image; 

Fig. 6 is a diagram showing another example of a ring 
buffer monitor image; 

Fig. 7 is a diagram showing another example of a ring 
buffer monitor image; and 

Fig. 8 is a diagram showing a ring buffer area state 
information generating routine. 

DETAILED DESCRTPTTON OF THE PREFF.RRFn EMROnTMF.MT.q 

An embodiment of the invention will now be described 
in detail hereinbelow with reference to the drawings. 

Fig. 2 is a diagram showing the construction of an 
information recording and reproducing apparatus 100 
according to the invention. 

In Fig. 2, when the user executes the channel 
designating operation of the digital broadcast, a tuner 11 
receives a digital broadcast wave of the designated channel. 

In this state, the tuner 11 obtains an MPEG (Moving Picture 
Experts Group) signal by demodulating the received digital 
broadcast wave and supplies it as an MPEG signal Ml to each 
of a hard disk drive (HDD) 12 and a selector 13. The tuner 
11 further retrieves program information PI showing each of 
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a name of a broadcast program, a genre (sports, news, movie, 
etc.)/ and a classification of HDTV/SDTV from the digital 
broadcast wave received as mentioned above and supplies it 
to a system control circuit 10. When the user executes the 
channel designating operation of analog television 
broadcast (NTSC system, PAL system, or SECAM system) , the 
tuner 11 receives an analog television broadcast wave of 
the designated channel. At this time, the tuner 11 supplies 
a television signal obtained by demodulating the received 
analog television broadcast wave to an MPEG encoder 14. The 
MPEG encoder 14 supplies a signal obtained by performing an 
MPEG encoding process to the television signal as an MPEG 
signal M2 to the hard disk drive 12. 

The hard disk drive 12 records the MPEG signal Ml or 
M2 onto a hard disk 120 in response to a recording command 
signal supplied from the system control circuit 10. In this 
state, the system control circuit 10 sequentially selects 
sectors to designate recording positions in the hard disk 
120 in accessing order shown in a sector/ring area 
correspondence map as shown in Fig. 3 and records the MPEG 
signal Ml or M2 into each sector. In the sector/ring area 
correspondence map, position information in the ring area 
showing the relative position of each sector in the ring 
buffer area has been described correspondingly to each 
sector as shown in Fig, 3. The system control circuit 10 
searches for the position in the ring buffer area of the 
sector recorded at the present time point from the 
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sector/ring area correspondence map at intervals of a 
predetermined period and stores it as a write position WP 
into a write position register 15 by overwriting. Further, 
the system control circuit 10 fetches the program 
information of the program recorded as mentioned above, 
detects a sector number showing the recording position of 
the program in the hard disk 120, and writes both of them 
into a recording program information memory 2 0 in 
correspondence to each other as shown in Fig. 4. 

The hard disk drive 12 reproduces the MPEG signal 
recorded in the ring buffer area on the hard disk 120 as 
shown in Fig. 1 in response to a reproduction command 
signal supplied from the system control circuit 10 and 
supplies it as a reproduction MPEG signal RM to the 
selector 13. At this time, the system control circuit 10 
reproduces the recording information from each sector in 
the hard disk 120 in accessing order shown in the 
sector/ring area correspondence map as shown in Fig. 3 and 
sets it as a reproduction MPEG signal RM. During this 
period of time, the system control circuit 10 searches for 
the position in the ring buffer area of the sector 
reproduced at the present time point from the sector/ring 
area correspondence map at intervals of a predetermined 
period and stores it as a read position RP into a read 
position register 16 by overwriting. The ring buffer area 
can be also reconstructed or a size of its area can be also 
changed. In this case, the sector/ring area correspondence 
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map is rewritten in response to a reconstruction command. 

The selector 13 alternatively selects the signal 
corresponding to a selection signal supplied from the 
system control circuit 10 between the reproduction MPEG 
signal RM supplied from the hard disk drive 12 and the MPEG 
signal Ml supplied from the tuner 11 and supplies the 
selected signal to an MPEG decoder 17. The MPEG decoder 17 
obtains a video data signal by performing an MPEG decoding 
process to the MPEG signal supplied from the selector 13 
and supplies it as a video data signal D^^ to an image 
synthesizing circuit 18. 

A ring buffer monitor image signal generating circuit 
19 generates image data indicative of a ring buffer monitor 
image as shown in Fig. 5A on the basis of the ring buffer 
area state information supplied from the system control 
circuit 10. The ring buffer monitor image signal generating 
circuit 19 generates a ring buffer monitor image signal RPG 
in order to allow the ring buffer monitor image based on 
the image data to be displayed at four sides of a screen 
200a of a display device 200 and supplies it to the image 
synthesizing circuit 18. In Fig. 5A, a ring buffer stripe 
RS shows the whole ring buffer area of the hard disk 120 in 
a band shape. A recording position mark M„ relatively shows 
the present recording position in the ring buffer area onto 
the ring buffer stripe RS. Further, a reproducing position 
mark relatively shows the present reproducing position in 
the ring buffer area onto the ring buffer stripe RS. 
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The image synthesizing circuit 18 generates a 
synthesized video signal obtained by synthesizing an image 
P which is expressed by the video data signal D^^^ supplied 
from the MPEG decoder 17 and is as shown in Fig. 5B and the 
ring buffer monitor image which is expressed by the ring 
buffer monitor image signal RPG and is as shown in Fig. 5A 
and supplies it to the display device 200. 

In accordance with the synthesized video signal 
supplied from the image synthesizing circuit 18, the 
display device 200 displays the image P as shown in Fig. 5B 
expressed by the video data signal D^^^ onto the center 
portion of the screen 200a as shown in Fig. 5C. The display 
device 200 further displays the ring buffer monitor image 
shown in Fig. 5A onto the peripheral portion of the screen 
200a as shown in Fig. 5C. That is, while the program 
received by the tuner 11 or the program reproduced from the 
hard disk drive 12 is being displayed onto the center 
portion of the screen, the display device 200 displays the 
ring buffer monitor image for monitoring the state in the 
ring buffer area onto the peripheral portion of the screen. 

When the ring buffer monitor image as shown in Fig. 5A 
is generated, the system control circuit 10 retrieves 
values stored in each of the write position register 15 and 
read position register 16 every other predetermined 
interval. That is, the system control circuit 10 retrieves 
the write position WP showing the recording position in the 
ring buffer area at the present time point and the read 
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position RP showing the reproducing position in the ring 
buffer area at the present time point. The system control 
circuit 10 supplies each of the write position WP and the 
read position RP as buffer area state information to the 
ring buffer monitor image signal generating circuit 19. The 
ring buffer monitor image signal generating circuit 19, 
therefore, generates image data obtained by multiplexing 
the recording position mark M„ as shown in Fig. 5A to the 
position on the ring buffer stripe RS corresponding to the 
WP and generates image data obtained by multiplexing the 
reproducing position mark to the position on the ring 
buffer stripe RS corresponding to the RP, respectively. 
That is, the recording position mark M„ is multiplexed and 
displayed at the position on the ring buffer stripe RS 
corresponding to the recording position at the present time 
point on the ring buffer area, and the reproducing position 
mark is multiplexed and displayed at the position on the 
ring buffer stripe RS corresponding to the reproducing 
position at the present time point on the ring buffer area, 
respectively. 

The recording position mark M„ displayed by the display 
device 200 as shown in Fig. 5C is, therefore, gradually 
moved on the ring buffer stripe RS in the direction shown 
by an arrow in accordance with a speed at which the program 
is recorded into the ring buffer area. The reproducing 
position mark is, further, gradually moved on the ring 
buffer stripe RS in the direction shown by an arrow in 
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accordance with a speed at which the program is reproduced 
from the ring buffer area. 

The user, therefore, can successively know the 
recording position and reproducing position at the present 
time point in the ring buffer area upon time shift 
reproduction with reference to the ring buffer monitor 
image displayed on the peripheral portion of the screen 
200a as shown in Fig. 5C. 

The form of the ring buffer monitor image is not 
limited to that shown in Fig. 5A. 

For example, as shown in Fig. 6, the recording 
position mark can be also displayed in a form such that 
it is possible to identify which one of the HDTV broadcast 
program or the SDTV broadcast program the program serving 
as a recording target at the present time point is. 
Similarly, the reproducing position mark is displayed in 
a form such that it is possible to identify which one of 
the HDTV broadcast program or the SDTV broadcast program 
the program serving as a reproduction target at the present 
time point is. In this case, as shown in Fig. 6, 
information indicative of a genre of the program which is 
currently selected as a recording item is held in the 
recording position mark M,, and information indicative of a 
genre of the program which is currently selected as a 
reproducing item is held in the reproducing position mark Mr. 

For example, according to the recording position mark 
and the reproducing position mark shown in Fig. 6, the 
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user can confirm a state where the sports program by the 
HDTV broadcast is currently being recorded while the news 
program by the SDTV broadcast is being reproduced. 

Delimiters of all programs recorded in the ring buffer 
area can be also shown on the ring buffer stripe RS as 
shown in Fig. 7. In an example shown in Fig. 7, each 
program recorded in the ring buffer area is classified on 
the ring buffer stripe RS by the color corresponding to the 
genre (movie, drama, sports, news, etc.) of the program. 
Further, in a ring buffer monitor image shown in Fig. 7, 
the portion which has already been reproduced by the time 
shift reproducing operation is shown by a white display on 
the ring buffer stripe RS . 

Fig. 8 is a diagram showing a ring buffer area state 
information generating routine which is executed by the 
system control circuit 10 every other predetermined period 
in order to generate the ring buffer monitor image shown in 
Fig. 6 or 7. 

In Fig. 8, first, the system control circuit 10 
retrieves the program information PI supplied from the 
tuner 11 {step SI) . Whether the program information PI is 
the same as program information PIQ which was obtained 
previously or not is discriminated (step S2) . If it is 
determined in step S2 that the program information PI and 
the program information PIQ are not identical, that is, if 
it is decided that the program has been switched to a new 
program, the system control circuit 10 retrieves the write 
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position WP stored in the write position register 15 (step 
S3) . Subsequently, the system control circuit 10 sets the 
write position WP to a recording start position and writes 
it once into the recording program information memory 20 in 
correspondence to the program information PI as shown in 
Fig. 4 (step S4) . The system control circuit 10 selects the 
form indicated by HDTV/SDTV identification information in 
the program information PI from the forms of the recording 
position mark M„ as shown in Fig. 7. A recording position 
mark designation signal PS„ is stored into a built-in 
register (not shown) in order to designate the recording 
position mark M„ having the selected form (step S5) . 
Subsequently, the system control circuit 10 stores the 
program information PI as program information PIQ into the 
built-in register (step 86) . 

After completion of the execution of step S6 or if it 
is decided in step S2 that the program information PI and 
the program information PIQ are identical, the system 
control circuit 10 reads out program information of all 
programs stored in the recording program information memory 
20 as shown in Fig. 4 and recording start position 
information of each program (step S7) . Subsequently, the 
system control circuit 10 obtains a relative position of 
each program on the ring buffer stripe RS on the basis of 
the recording start position information of each program. 
As shown in Fig. 7, a ring stripe color signal RScol showing 
the position of each program on the ring buffer stripe RS 
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by the color corresponding to the genre of the program is 
generated and stored into the built-in register (step S8) . 
The system control circuit 10 retrieves the read position 
RP stored in the read position register 16 (step S9) . 
Subsequently, the system control circuit 10 searches for 
the program information corresponding to the program which 
is indicated by the read position RP and is currently being 
reproduced based on the recording start position 
information of each program (step SIO) . The system control 
circuit 10 selects the form indicated by HDTV/SDTV 
identification information in the program information 
corresponding to the program which is currently being 
reproduced from the forms of the reproducing position mark 
Mr as shown in Fig. 7. A reproducing position mark 
designation signal PS^ is stored into the built-in register 
in order to designate the reproducing position mark 
having the selected form (step Sll) . Subsequently, the 
system control circuit 10 rewrites the ring stripe color 
signal RScol in order to display the position shown by the 
read position RP on the ring buffer stripe RS and an area 
near it by a white display indicative of the reproduced 
area (step S12) . The system control circuit 10 supplies the 
recording position mark designation signal PS„, write 
position WP, reproducing position mark designation signal 
PSr, read position RP, and ring stripe color signal RScol as 
ring buffer area state information to the ring buffer 
monitor image signal generating circuit 19 (step 313) . The 



ring buffer monitor image signal generating circuit 19, 
consequently, generates the ring buffer monitor image 
signal RPG in order to allow the ring buffer monitor image 
onto which the recording position mark M„ and the 
reproducing position mark have been multiplexed to be 
displayed onto the ring buffer stripe RS onto the 
peripheral portion in the screen 200a as shown in Fig. 7. 

That is, by the execution of step S13, the ring buffer 
monitor image signal generating circuit 19 allows the ring 
buffer stripe RS having a color arrangement according to 
the ring stripe color signal RS^ol to be displayed onto the 
peripheral portion in the screen 200a. Further, the ring 
buffer monitor image signal generating circuit 19 allows 
the recording position mark M„ having the form indicated by 
the recording position mark designation signal PS„ to be 
displayed at the position on the ring buffer stripe RS 
shown by the write position WP. At the same time, the ring 
buffer monitor image signal generating circuit 19 allows 
the reproducing position mark having the form indicated 
by the reproducing position mark designation signal PS^ to 
be displayed at the position on the ring buffer stripe RS 
shown by the read position RP. 

After completion of the execution of step S13, the 
system control circuit 10 exits the ring buffer area state 
information generating routine as shown in Fig. 8 and 
returns to the execution of a main routine (not shown) . 

By the execution of the routine of generating ring 
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buffer area state information, the user can visually 
confirm not only the position in the ring buffer to which 
the recording and reproduction have been performed at the 
present time point but also the positional relation and 
genre of each program recorded in the ring buffer. 

According to the invention as described in detail 
above, the state of the ring buffer can be monitored in 
real-time while executing the reproduction simultaneously 
with the recording. 

This invention is based on Japanese Patent Application 
No. 2000-348700 which is herein incorporated by reference. 
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